A patient with no other neurological signs or symptoms presented with a prominent tremor restricted to the mandible. This 5-6 Hz tremor was interesting in that it was normally confined to the digastric muscles and was highly task specific. In the course of her normal daily activities, it began only when the patient drank from a cup or glass. The localisation of this tremor to a muscle that has no muscle spindles and no reciprocal inhibitory reflexes suggests that such tremors must be capable of being generated centrally.
Tremor in limb muscles is normal, and can be readily seen-for example, in the outstretched arm. There is still debate about the mechanism of physiological limb tremor, but it is generally agreed that the interaction of stretch reflexes and gravity plays an important part in its genesis. 1 The jaw opening muscles, however, contain no muscle spindles, and their control circuits do not include the reciprocal inhibitory reflexes found in the limbs (for review see Miles 2 ).By contrast with the limbs, physiological tremor in the jaw cannot normally be detected with the naked eye. A minute tremor can be detected by careful measurements in the normal jaw. Its amplitude is only about 10 µm at rest and double this during activity. 3 Furthermore, jaw tremor diVers from limb tremor in being principally cardioballistic in origin. 4 Accordingly, the study of a patient with a rare, task specific tremor that was usually confined to the jaw depressor muscles oVered the possibility of gaining an insight into the neural mechanisms underlying tremors.
Case report
The patient is a retired florist aged 61 who had first noticed her jaw tremor about 2.5 years previously. She reported that her tremor was most pronounced when she tried to drink from a glass or when her teeth were brought together, but that the tremor did not occur when eating. She complained of moderate inconvenience and embarrassment when drinking in public, although she does not think that the tremor is influenced by stress.
Her general health is excellent, and she has no history of drugs other than hormone replacement therapy, no history of neurological disorder or illnesses, and no family history of tremors. Concentrations of thyroid stimulating hormone were slightly reduced, although T3 and T4 concentrations were normal. No abnormalities were present on MRI. The patient often awakes from sleep with a headache and sore jaws, consistent with nocturnal bruxism. Inspection of the teeth disclosed moderate tooth wear indicating a tooth grinding habit.
On examination there was no visible tremor in the jaw when at rest; postural tremor of the outstretched arms was well within normal limits. The jaw tremor became pronounced (up to about 1 cm) only when the patient tried to drink from a glass or positioned her jaw to bring the incisal edges of her front teeth together. The tremor also occurred when one of us attempted to move her jaw passively into this position by hand, although it was not possible to be sure whether this was completely passive-that is, whether or not the patient unwittingly assisted this manoeuvre. The amplitude of the tremor made drinking virtually impossible, although her teeth did not usually come together during the closing movement. No overt tremor was seen when she clenched her teeth or opened her jaw as wide as possible. However, it was pronounced when she protruded her mandible and when she swung her jaw to the right, but not to the left side. She was unable to modify the tremor voluntarily, and reported that normal, social levels of alcohol consumption did not noticeably aVect it.
NEUROPHYSIOLOGICAL FINDINGS
Electromyographic recordings were made from the left and right masseter muscles, and from the left digastric muscle using surface electrodes. Electrodes were not placed on the right digastric muscle, as cross talk from one muscle to the other was thought to be likely. Palpation disclosed a similar pattern of activity in the left and right digastric muscles during episodes of tremor. Temporalis muscle activity was not recorded, but no appreciable tremor was detected by palpation during jaw tremor.
There was no activity in the muscles at rest. The figure (A) shows the pattern of muscle activity recorded when she tried to drink from a glass. The most obvious feature is a high amplitude, rhythmical bursting activity in the digastric muscle at about 6 Hz, whereas the electrical activity of the left and right masseter muscle records is minimal. A similar pattern was found when she placed her front teeth edge to edge. Both activities induced large tremors (0.5-1 cm) in the mandible.
Specific patterns of muscle activity were seen when the patient moved her jaw into other postures. During jaw opening, jaw protrusion, and strong clenching, all muscles were active without observable bursts or tremor. However, moving the jaw voluntarily to an extreme left position led to increased activity in all muscles, with clear rhythmical bursting in the right masseter, but not in the left masseter or the digastric (figure B). By contrast, there was no overt tremor or bursting in any muscles when the jaw was moved to the right. On occasion, bursting was present in both masseter and digastric muscles, and when this happened, the EMG bursts alternated between them.
The jaw jerks in both masseters were normal, with a latency of about 10 ms. Chin taps given when the chin was not trembling (not shown) evoked an initial excitatory response in digastric that was synchronous with a burst in both masseters at a latency of about 90 ms. This signalled the onset of overt tremor, driven principally by the digastric bursts, but with some alternating masseter activity.
Taps were also applied while the jaw was already trembling. Although a similar burst of digastric and (much smaller) masseter activity was evoked, it was followed by disruption, rather than augmentation, of the tremor for one second or so. The figure shows the disruption caused by giving the tap either in the pause between digastric bursts (C) or during the course of a single burst (D). When the tap was given during a digastric burst (D), the latency of the tap evoked activity was such that it was in phase with the next tremulous burst, and so augmented it. Later bursts were disrupted. When given between digastric bursts (C), the latency of the tap evoked excitation was such that it seemed to add on to the subsequent burst of tremor, making its duration about twice that of the prestimulus peaks.
Discussion
Focal, task specific tremors are most commonly found in the hand and arm. The commonest form is writing tremor, 5 6 in which the act of writing, or even the posture adopted on holding the pen in preparation to write, are suYcient to provoke tremulous movements of the wrist and fingers. Very often, other manual tasks are unaVected ("primary writing tremor"). Focal tremor of the voice, 7 8 tongue, 9 chin, 10 and smile 11 have also been reported, but this is the first description to our knowledge of an isolated tremor of the jaw. In the past there has been some debate as to the relation of such focal task specific tremors to essential tremor and dystonia. However, in a recent paper Bain et al 5 suggested that primary writing tremor in some patients could be distinguished from both conditions. The age of onset (50 years) was later than that of hereditary essential tremor, 12 and presynaptic inhibition between forearm flexor and extensor muscles was normal rather than reduced as in focal dystonia. However, descriptions of other patients indicate that in some cases there may be a link to either essential tremor or focal dystonia. Although isolated tremor can occur in Parkinson's disease it usually aVects the leg or arm, and does not have the task specificity described here. 13 The tremor in the present case bears striking similarities to writing tremor, particularly in its task specificity. It was absent at rest and during most normal jaw movements including speech and mastication, and only appeared when drinking or when moving the jaw voluntarily to the right. Chin taps could activate the tremor, and influence its ongoing activity, in a way very similar to that described originally in primary writing tremor. Whether this is a "pure" task specific tremor, or whether it is related to essential tremor or focal dystonia is unclear. The age at onset and lack of family history suggests that it is not a variant of hereditary essential tremor. 12 The most intriguing aspect of the present case was the fact that at times the tremor was limited to the digastric muscles without involvement of the antagonist masseter. The digastric muscles have no muscle spindles, and lack reciprocal reflexes with antagonist muscles. 2 This implies that the tremor could occur without support from local muscle stretch reflexes, and therefore precludes the possibility that increased muscle spindle excitability during precise movements (for example, drinking) was the cause of the movements. Local cutaneous reflexes to the digastric muscle do exist, but are likely to be weak under the present conditions. If so, then we conclude that the tremor is best explained by activity in a central oscillator that drives the masticatory muscles at about 5 Hz. This is much higher than the frequency of normal chewing movements, so that we presume it is separate from the masticatory rhythm generator in the brainstem. Tremor also occurs in the jaw muscles during thermogenic shivering: however, by analogy with the limb muscles, it is likely that the antagonist jaw opening and jaw closing muscles are activated simultaneously during shivering, rather than alternately, as in this patient. The fact that aVerent input produced by chin taps could influence the present tremor is not inconsistent with this idea of a central oscillator. It simply implies that although aVerent input may not be necessary for tremor to occur, it is still capable of influencing ongoing oscillations.
As with other task specific tremors, it is unclear why the tremor occurs only during Electrophysiological observations on an unusual, task specific jaw tremor 253 such a limited range of possible movements. It may be that the activation of diVerent muscles by the oscillator could depend on the command signal used to select diVerent tasks. For example, the careful positioning of the mandible needed to drink from a glass may be considered a precision task, whereas chewing is more of a power task. These diVerent types of movements engage diVerent neural strategies and structures, and it is possible that the tremor is unmasked only during precision tasks. Alternatively, it is possible that motor neuron pools for diVerent muscles are selectively enhanced or suppressed by particular aVerent inputs when the jaw is moved to diVerent positions. This could explain the lack of reflex activation of the masseter muscle when the digastric bursts pulled the jaw open.
In conclusion, we present a case of a patient with an unusual task specific jaw tremor. Because on occasion the tremor could be limited to the digastric muscles (which have no muscle spindles or reciprocal reflexes with antagonist muscles) without involvement of the masseter muscle, we argue that this is consistent with the tremor being generated by a central oscillator. Similar central mechanisms may also operate in other task specific tremors such as primary writing tremor. 5 6 
